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Description 

COMPOSITIONS CONTAINING A BUFFER 
AND A PEROXIDE OR PERACID USEFUL 
FOR TREATING WELLS 

Cross Reference to Related Applications 

[0001] The present application claims priority to U.S. Provisional 

Patent Application Serial No. 60/413,181 filed September 

24, 2002, the contents of which are incorporated herein 

by reference. 
Background of Invention 

Field of the Invention 

[0002] A family of mud removal systems for the simultaneous re- 
moval of all polymer -based drilling fluid damage is dis- 
closed. The damage can include that caused by partially- 
hydrolyzed polyacryl amide (PHPA) polymer and particu- 
lates such as calcium carbonate. The systems are based 
on the synergistic combination of organic salt buffers and 
either peroxides or per-acids. The systems can also in- 



elude catalase enzymes. 
Description of Related Art 

[0003] Many wells are damaged in the course of drilling and 

workover by the use of drilling muds, drill-in fluids, kill 
fluids and kill-pills that contain, amongst other things, 
polymeric constituents. The latter may consist of a single 
polymer or may consist of mixtures of polymers in aque- 
ous solution/suspension. These polymers may be added 
for the purposes of viscosification, leak-off control, lubri- 
cation, friction reduction and control of shales or other 
active clays. Typically, the polymers used for such pur- 
poses include xanthans (exo-polymers produced byXan- 
thomonas Camperstris and its relatives), starches (produced 
from corn, potato, etc), celluloses, guars, and derivatives 
of these main groups. Polyacry lam ides may also be used, 
in particular so-called partially-hydrolyzed polyacrylamide 
(PHPA), which is used for shale encapsulation. In addition, 
most of these fluids contain some form of particulate to 
impart density and to improve fluid-loss control. The 
most common of these particulates is calcium carbonate 
although, occasionally, salt or barite may be used. 

[0004] Subsequent well productivity can be significantly impaired 
by the use of these mixtures of polymers and particulate 



materials, due to the persistence of residues in tlie well. 
Their removal can result in substantial improvements in 
production. Historically, removal of these materials has 
involved the use of soaking with strong mineral acids (e.g. 
hydrochloric acid), strong organic acids (e.g. sulphamic 
acid), or oxidizing agents (e.g. sodium hypochlorite or 
lithium hypochlorite). More recently, enzymes have been 
used to remove the polymeric constituents. Some poly- 
mers, however, are largely immune to enzymatic degrada- 
tion (e.g. PHPA). 

[0005] Acids can hydrolyze some polymers, and can dissolve cal- 
cium carbonate. However, in practice, calcium carbonate 
is often coated with polymer residue, and its removal has 
been shown to be non-uniform, possible due to wormhol- 
ing of the acid through the cake. This results in non- 
optimal inflow performance, with higher drawdowns and, 
potentially, greater risk of early water breakthrough, fines 
migration, and formation failure. Additionally, the acid is 
corrosive and inefficient, and large volumes must be used 
in extended reach wells. While hypochlorites can destroy 
most polymers, they will not dissolve calcium carbonate 
and their high pH can cause problems if the formation 
contains any sensitive clays. Combining acids and 



hypochlorites generates chlorine gas, a potentially harm- 
ful material. Accordingly, prior treatments designed to 
target both polymers and calcium carbonate consisted of 
several steps. This complicates the operation, and causes 
additional expense due to the time involved. 
[0006] Thus, there exists a need for clean-up compositions and 
methods that are effective at removing both polymer de- 
posits and calcium carbonate. The methods preferably ac- 
complish the removal of both materials in a single step. 
Summary of Invention 

[0007] Compositions comprising buffered hydrogen peroxide or 
per-acids are attractive for use in treating oil and/or gas 
wells that contain polymer deposits or calcium carbonate. 
An example per-acid is peroxyacetic acid. The composi- 
tions can further comprise enzymes such as peroxidases. 
Methods for treating wells can be performed as single 

step treatments. 
Detailed Description 

[0008] Compositions and methods have been identified that are 
capable of removing all polymers encountered thus far 
while, simultaneously, dissolving calcium carbonate. The 
treatment methods include a single step treatment of a 



well, effective at reducing or eliminating the presence of 
polymer deposits and calcium carbonate. The methods 
improve the permeability of the well, preferably to at least 
the level observed prior to formation of polymer deposits. 

[0009] Compositions 

[0010] One embodiment of the invention relates to well treat- 
ment compositions. The compositions can comprise, con- 
sist essentially of, or consist of water, a buffer, and hy- 
drogen peroxide and/or a per-acid. The composition can 
further comprise iron-control agents, surface tension re- 
ducers, dispersants, corrosion inhibitors, clay stabilizers, 
and other components useful in treating wells. 

[001 1] The water can generally be from any source. The water 
can be fresh water, brackish water, or salt water. The 
compositions can generally have any pH. For example, the 
pH can be about 1, about 2, about 3, about 4, about 5, 
about 6, about 7, about 8, or ranges between any two of 
these values. It is presently preferred that the pH be about 
3.0 to about 5.0. 

[0012] The buffer can generally be any buffer system. Buffers 
commonly are a combination of an acid and its salt. For 
example, a buffer can comprise acetic acid and an acetate 
salt (such as sodium acetate, potassium acetate, or am- 



monium acetate), formic acid and a formate salt (such as 
sodium formate, potassium formate, or ammonium for- 
mate), citric acid and a citrate salt (such as sodium citrate, 
potassium citrate, or ammonium citrate), and other acid / 
salt buffer combinations. The buffer system can generally 
be present at any concentration. The buffer system can be 
present at a concentration of about 1 weight percent to 
about 30 weight percent. Example concentrations include 
about 1 weight percent, about 5 weight percent, about 10 
weight percent, about 15 weight percent, about 20 weight 
percent, about 25 weight percent, about 30 weight per- 
cent, and ranges between any two of these values. 
[0013] Hydrogen peroxide can generally be present in the com- 
position at a concentration of about 1 weight percent to 
about 6 weight percent. Example concentrations include 
about 1 weight percent, about 2 weight percent, about 3 
weight percent, about 4 weight percent, about 5 weight 
percent, about 6 weight percent, and ranges between any 
two of these values. A concentration of about 3 weight 
percent to about 5 weight percent is presently preferred. 
The per-acid can generally be any per-acid. Examples of 
per-acids include peracetic acid, performic acid, per- 
propanoic acid, and perbutanoic acid. It is presently pre- 



ferred that the per-acid be peroxyacetic acid 
(ethaneperoxoic acid; peroxyacetic acid; CH^CO^H). The 
per-acid can generally be present in the composition at a 
concentration of about 1 weight percent to about 15 
weight percent, with a concentration of about 3 weight 
percent to about 10 weight percent being presently pre- 
ferred. Examples of concentrations include about 1 weight 
percent, about 2 weight percent, about 3 weight percent, 
about 4 weight percent, about 5 weight percent, about 6 
weight percent, about 7 weight percent, about 8 weight 
percent, about 9 weight percent, about 10 weight percent, 
about 11 weight percent, about 12 weight percent, about 
13 weight percent, about 14 weight percent, about 15 
weight percent, and ranges between any two of these val- 
ues. The compositions can comprise both hydrogen per- 
oxide and a per-acid, or hydrogen peroxide and an or- 
ganic acid (such as acetic acid, formic acid, propanoic 
acid, or butanoic acid). 
[0014] The composition can further comprise accelerants or in- 
hibitors to modify the rate of reaction with polymer de- 
posits or calcium carbonate. Accelerants increase the rate 
of decomposition of peroxides. Examples of accelerants 
include peroxidase enzymes, and transition metal com- 



pounds (e.g. compounds of manganese, iron, copper, 
etc.). Accelerants can generally be present in the compo- 
sition at a concentration of about 1-2 ppm to about 1-2 
weight percent. Inhibitors decrease the rate of decompo- 
sition of peroxides. Examples of inhibitors include phos- 
phate salts and phosphonate salts. Inhibitors can gener- 
ally be present in the composition at a concentration of 
about 1-2 ppm to about 5 weight percent. 
[0015] Methods of use 

[0016] The above described compositions are useful for treating 
oil and/or gas wells suspected of containing polymer de- 
posits and/or calcium carbonate. Useful compositions in- 
clude those comprising water, a buffer, and hydrogen 
peroxide and/or a per-acid. Alternatively, the methods 
can involve the use of a composition comprising water 
and hydrogen peroxide. 

[0017] The methods can comprise selecting an oil and/or gas 
well, and pumping one of the above described composi- 
tions into the well. The compositions are contacted with 
the well for a period of time sufficient to reduce or elimi- 
nate any polymer deposits and/or calcium carbonate. The 
methods can further comprise removing the compositions 
after the contacting period. The well is preferably treated 



with the compositions are in a single step. 
[0018] The pumping can be performed in a single pumping 
event, multiple pumping events, or as a continuous 
pumping process. The well can be "closed in", allowing 
the compositions to contact the well for a period of time 
during which additional pumping or drilling is not per- 
formed. 

[0019] The following examples are included to demonstrate pre- 
ferred embodiments of the invention. If not otherwise in- 
dicated, percentages are weight percentages. It should be 
appreciated by those of skill in the art that the techniques 
disclosed in the examples which follow represent tech- 
niques discovered by the inventors to function well in the 
practice of the invention, and thus can be considered to 
constitute preferred modes for its practice. However, 
those of skill in the art should, in light of the present dis- 
closure, appreciate that many changes can be made in the 
specific embodiments which are disclosed and still obtain 
a like or similar result without departing from the scope of 
the invention. 

[0020] EXAMPLES 

[0021] Example 1: Filter cake removal using magnetic funnel 
(Method A) 



[0022] jhis analytic method was performed as follows. A mag- 
netic funnel was mounted on an Erienmeyer flask. A high 
permeability sand pack (k >10 D) was placed in the funnel 
and compacted. A brine solution was poured and the flow 
rate (by gravity) through the sand pack was measured. 
The mud was poured and vacuum was applied for 1 hour 
to form the mud cake. Any excess mud was removed. 
Brine was again poured to determine that no flow was 
achieved through the mud damaged sand pack by gravity 
and with vacuum applied. The permeability is essentially 
zeroed at this point. The treatment solution (warmed to 
150 "F (66 "Q prior to use) was poured onto the sand 
pack. The vacuum was applied for about one minute to al- 
low the treatment solution to absorb onto the cake. The 
sand pack was left to soak with the solution without vac- 
uum and allowed to react with the mud cake for 1 hour. 
After the incubation period, the condition of the filter cake 
after the reaction was observed. Presence of any residual 
starch (for mud containing starch as viscosifying agent) in 
the sand pack was tested by the iodine spot test. The vac- 
uum was applied to allow any remaining treatment solu- 
tion to flow through the sand pack. A brine solution was 
again flowed (without vacuum) to determine the regain 



permeability . 

[0023] Example 2: Filter cake removal test using a fluid loss cell 
(Method B) 

[0024] jhis analytic method was performed as follows. A fluid 
loss cell was fitted with an 80 US Mesh screen, and 100 g 
of 70-140 Mesh sand was placed on top of it. Water or 
brine solution (100 ml) was poured onto the sand and 
shut in to heat to 150T (66 "C) in about 20 minutes. Pres- 
sure was applied to the cell and the time to flow 100 ml of 
water/brine was noted. (In each case, the fluid passes 
straight through and could not be measured). The cell was 
drained leaving the sand saturated. The mud was condi- 
tioned to 150 T (66 "Q in the atmospheric consistometer 
in 20 minutes before pouring into the pre-heated cell. 
Pressure was then applied to the cell. The bottom valve 
was opened and the fluid loss recorded. Excess mud was 
removed while taking care not to disturb the filter cake 
and sand pack. The treatment was poured in and shut in 
for test period. After the shut in period, the bottom valve 
was opened and the flow measured. An iodine spot test 
was carried out on mud containing starch. The treatment 
solution was poured off and the flow measured. 

[0025] Example 3: Evaluation of high salt drill-in fluid 



[0026] A formulation was prepared using the following compo- 
nents. 



Component 


Concentration 


Saturated NaCl brine 


311.5 ml 


Thixsal-Plus viscosifier (TBC-Brinadd; Houston, TX) 


4g 


FL-7 Plus fluid loss control additive (TBC-Brinadd; Houston, TX) 


3g 


pH Buffer 


3g 


Watesal-A viscosifier (Kota Chemicals & Minerals; Petaling Jaya, 

Malaysia) 


46 g 


Inhibisal polyglycol stabilizer (TBC-Brinadd; Houston, TX) 


17.5 ml 


Defoam-2 defoamer (TBC-Brinadd; Houston, TX) 


As required 



[0028] A variety of mud removal systems were assayed with 

Method A (Example 1) and/or Method B (Example 2). The 
percent regained permeability is shown in the following 
table (ND = not determined), along with relevant com- 
ments. Enzyme S is an amylase enzyme commercially 
available from BJ Services Company (Houston, TX). 



[0029] 



Mud removal system 


Method 


% regained 
permeability 


Comments 


2% KCl 

1% Enzyme S 280L 


A 


29 


Positive starch test. 


2% KCl 

1% Enzyme S 280L 
0.5% Acetic acid 
0.5% Sodium acetate 


A 


88 


SKIN DAMAGE. The 
permeability decreases 
with time. Eight hours 
after the enzyme reaction, 
the regain is zero. 


2% KCl 

1% Enzyme S280L 
0.5% Acetic acid 
0.5% Sodium acetate 


B 


ND 


Cake still present. Starch 
test positive. Fluid 
passes straight through 
before damage and after 
treatment. 


2% KCl 

1% Enzymes 120L 
0.5% Acetic acid 
0.5% Sodium acetate 


A 


90 


Some residual cake 
remained. Starch test 
positive. 


1% Enzyme S 120L 

1%H202 

0.5% Acetic acid 
0.5% Sodium acetate 


B 


ND 


No cake left after 
treatment. Fluid passes 
straight through before 
damage and after 
treatment. 


2% KCl 

1% enzyme S 120L 
0.5% Acetic acid 
0.5% Sodium acetate 

1%H202 


A 


100 


All cake removed Starch 
test negative. 


2% KCl 

2.3% Enzyme S 120L 
0.5% Acetic acid 
0.5% Sodium acetate 


B 


ND 


A thin skin of mud left. 
Starch test positive. 
Fluid passes straight 
through before damage 
and after treatment. 


2% KCl 

0.3% Enzyme S280L 
0.5% Acetic acid 
0.5% Sodium acetate 


A 


93 


SKIN DAMAGE. The 

permeability decreased 
with time. Eight hours 
after the enzyme reaction, 
the regain is zero. 



3%H202 


A 


100 


Very fast reaction. 

Within 45 minutes, no 
cake was observed. 


1,0/ H,n-> 


R 
u 


JSID 


All f!i Ir/^ W7^ c TPin n^/'pH 

-rtJi ^dR-C Waij iClilUVCLI. 

Negative starch test. 
Fluid passes straight 
through before damage 
and after treatment. 


5% HC1 


A 


12.5 


Most of the cake still 

remained unreacted. 


Oxiclean oxidizing and 
sequestering agents (BJ 
Services Company; Houston, 


A 


100 


After 2 hours of contact 
between mud and 
Oxiclean system, no 

After leaving to react 
overnight, the mud cake 
was completely 
dissolved 


Saturated NaCl 
4.5% Sulfamic acid 
1.5% Citric acid 


A 


0 


Cake remained intact 
after reaction. 


Saturated NaCl 

4 5% Siilfamir arirl 

1.5% Citric acid 


B 


ND 


Major portion of filter 

reaction. Large worm 
hole in the middle of the 
cake. Starch test 
positive. 



[0030] Example 4: Evaluation of KCI xanthan/starch mud 

[0031] A formulation was prepared using the following compo- 
nents. 

[0032] 



Component 


Concentration 


Potassium cliloride 


7-8% 


Soda asii 


0.5 ppb 


Caustic soda 


1.0 ppb 


PAC-R fluid loss agent (SA Mud Services 
Pty; Johannesburg, South Africa) 


1.0 ppb 


XCD xanthan biopolymer (Kelco Oil Field 
Group, Houston, TX) 


0 .5 ppb 


Starch 


2.0 ppb 


PAC-UL fluid loss agent (SA Mud 
ocrviccs -Tiy, JonannesDurg, ooutn. Ainca^ 


1.5 ppb 


PHPA (Excess) 


1.5 ppb 


Glycol 


3-5 % 


Calcium carbonate 


As required for density 



[0033] A variety of mud removal systems were assayed with 

Method A (Example 1) and/or Method B (Example 2). The 
percent regained permeability is shown in the following 
table, along with relevant comments. Enzyme C is a cellu- 
lose-specific enzyme breaker commercially available from 
BJ Services Company (Houston, TX). 



[0034] 



Mud removal 
system 


Method 


% regained permeability 


Comments 


1% sodium acetate 
1% Enzyme S 280L 


A 


0 


Cake remained intact 
after reaction. 


1% Sodium acetate 
1.5% Acetate acid 
1% Enzyme S 280L 


A 


0 


Cake remained intact 
after reaction. 


1% sodium acetate 

1% Enzyme S 280L 
1% Enzyme C 


A 

A 


A 


Cake remained intact 
after reaction. 


1% Enzyme s zoOL 
1% Enzyme C 


A 

A 


A 


Cake remained intact 
after reaction. 


1% Enzyme S280L 
1% Enzyme C 

A 10/ \ r 1 100/ 

0. 1% JNaOLl 12% 


A 


0 


Cake remained intact 
after reaction. 


1% Enzyme S 280L 
1% Enzyme C 
1% Enzyme GBW- 
12 


A 


0 


Cake remained intact 
after reaction. 


1% Hemicellulase 1 
2% KCl 


A 


0 


Cake remained intact 
after reaction. 


Hemicellulase 
powder 


A 


30 


The enzyme was laid on 
the cake for 1 hour, then 

00/ Vr^\ 1 CA O-C //CA 

Z/o JS.U1 at IjU r (00 
°C) was added and left 
to react for 2.5 hours. 


TO/ TT ^^ 
jyo rl2U2 


A 

A 


oO 


The cake was 
disintegrated. 


Oxiclean 


A 


89 


Large holes breaking 
through the cake could 
be observed. 



[0035] Example 5: Evaluation of fresh water PHPA mud 

[0036] A field sample of mud was obtained containing bentonite, 
barite, cypan, caustic potash, soda ash, starch, XCD xan- 
than polymer, PHPA, sodium bicarbonate, and potassium 
chloride. 

[0037] A variety of mud removal systems were assayed with 



Method A (Example 1) and/or Method B (Example 2). The 
percent regained permeability is shown in the following 
table (ND = not determined), along with relevant com- 
ments. 

[0038] 



iviuu iciiiOvdi bybiciii 


iVlCLIlOU 


permeability 


LyUnilllCllLS 


2% KCI 

1% Enzyme S 280L 


A 


0 


Cake remained intact 
after reaction. 


Hemicellulase powder 


A 


0 


The enzyme was laid 
on the cake for 1 hour, 
then 2% KCI at 150 °F 
(66 °C) was added and 
left reacting for 2.5 
hours No flow was 
achieved. 


2% KCI 

0 5% Sodium acetate 
0.5% Acetic acid 
1% Enzyme S 280L 


A 


0 


Cake remained intact 
after reaction. 


2% KCI 

0.5%o Sodium acetate 
0.5%i Acetic acid 
i /o unzyme s zoul, 


B 


ND 


Cake remained intact 
after reaction. Fluid 
passes straight through 
before damage. After 
treatment, sand pack 
was severely damaged 
with only 2 ml passing 
through within 30 
minutes. 


3% H2O2 


A 


ICQ 


Complete removal of 
filter cake. 


3% H2O2 


B 


ND 


Complete removal of 
filter cake. Fluid 
passes straight through 
before damage and 
after treatment. 


Hyderase 15 
3% 11:0; 


A 


100% 


Complete removal of 

mud cake. 


Oxiclean 


B 


ND 


All cake was removed. 
Fluid passes straight 
through before damage 
and after treatment . 



Saturated NaCl 
4.5% Sulfamic acid 
1.5% Citric acid 


B 


ND 


Major portion of filter 
cake remained after 
reaction. Fluid passes 
straight through before 
damage and took 9 
minutes to flow through 
after treatment. 


10% Ethaneperoxoic acid 


A 


U 


Cake remained intact 
after reaction. 


10% Ethaneperoxoic acid 
1% Sodium acetate 


A 


100 


Complete removal of 
filter cake. 



[0039] Example 6: Evaluation of PHPA mud 

[0040] A mud sample was obtained containing PHPA, starch, 
xanthan, and sized calcium carbonate. A variety of mud 
removal systems were assayed using Method A (Example 
1) and/or Method B (Example 2). The percent regained 
permeability is shown in the following table (ND = not de- 
termined), along with relevant comments. 



[0041] 



Mud removal system 


Method 


% regained 
permeability 


Comments 


2% KCl 

0.5% Sodium acetate 
0.5% Acetate acid 
1% Enzyme S 280L 


B 


ND 


Fluid passes straight 
through before damage 
and after treatment. 
Some residual cake 
remained but starch test 
is negative. 


1% Sodium acetate 
1.5% Acetic acid 
1% Enzyme S 280L 


A 


100 


Complete removal of 
filter cake. 


3% H2O2 


B 


ND 


Complete removal of 
filter cake. Fluid passes 
straight through before 
damage and afi;er 
treatment. 


Saturated NaCl 
4.5% Sulfamic acid 
1.5% Citric acid 


B 


ND 


Major portion of filter 
cake remained after 
reaction. Positive starch 
test. Fluid passes 
straight through before 
damage and afi;er 
treatment. 



[0042] Example 7: Corrosion tests performed on Chrome 13 and 

Super Chrome 13 
[0043] Chrome 13 and Super Chrome 13 metals can be obtained 

from Savik Super-Chrome Inc. (Three Rivers, West Quebec, 

Canada). Metal corrosion tests were performed at 4000 

2 

psi (281 kg/cm ), with a contact time of 8 hours at room 
temperature. Test results were determined at 130 °C, 150 
"C, and 170 "C as follows. Three acid systems were used, 
where LPCM = liters per cubic meter, and KPCM = kilo- 
grams per cubic meter. Ferrotrol chelating/reducing 
agent, D4GB, CI-27 acid inhibitor, and HY-Temp corro- 
sion inhibitor products are commercially available from BJ 



Services Company (Houston, TX). 
[0044] (1) 1 5 % Acetic acid + 2 LPCIVI D4GB + 6 KPCIVI Ferrotrol 

300 + 3 KPCM Ferrotrol 210. 
[0045] (2)p eroxyacetic system 2 (1.5 % H^O^ with 10 % acetic 

acid buffered to pH 4) + 6 KPCM of Ferrotrol 300 + 3 

KPCM of Ferrotrol 1000. 
[0046] (3)p eroxyacetic system 3 (1.5 % H^O^ with 15 % acetic 

acid buffered to pH 4) + 6 KPCM of Ferrotrol 300 + KPCM 

of Ferrotrol 100. 

[0047] 



Test results at 130 °C with Chrome 13 



lest 


Acid 


Inhibitor at 
LPCM 


Intensifier at 
KPCM 


Weight loss 
lb/ft' 


x^itung 


1 
1 




r^i in 1 n 




U.U 1 / J 


u 


2 


1 


CI-27 @ 5 


HY-Temp I 

@ 1.2 


0.0098 


0 


3 


1 


CI-27 @ 10 


HY-Temp I 

f7i\ 1 1 

(g 1.2 


0.0055 


0 


4 




r^T 11 /Th < 


n Y - 1 emp i 

@2.4 




U 


5 


1 


CI-27 @ 10 


HY-Temp I 
@2.4 


0.0064 


0 


6 


2 


CI-27 @ 5 


NONE 


0.0048 


0 


7 


2 


CI-27 @ 7 


NONE 


0.0059 


0 


Q 
O 


z 


r*i in /7f\ 1 n 
L>l-Z/ (g^ lU 




U.UUo 1 


u 




Z 


/^T 0'7 ^ ^ 


XJV Taw-w T 

xii-iemp i 
@1.2 


U.UUjo 


U 


10 


2 


CI-27 @ 7 


HY-Temp I 

@1.2 


0.0037 


0 


11 


1 
J 


CI-27 @ 5 


NONE 


0.0129 


0 


12 




CI-27 @ 7 


NONE 


0.0143 


0 


1 1 

I J 




11 (7h 1 n 






n 
u 


14 


3 


CI-27 @ 5 


HY-Temp I 
@1.2 


0.0283 


0 


15 


3 


CI-27 @ 7 


HY-Temp I 
@1.2 


0.0097 


0 



Test results at 150 °C with Super Chrome 13 



Test 


Acid 


Inhibitor at 
LPCM 


Intensifier at 
KPCM 


Weight loss 
(Ib/ft^) 


Pitting 


16 


1 


CI-27 @ 8 


NONE 


0.0233 


0 


1 / 


1 


/^T 1 A 

Cl-z/ (gj lU 


NUJNii 


U.Uzzo 


A 
U 


1 o 


1 


Cl-zV @. 5 


HY-lemp 1 
@1.2 


n A 1 n c 
U.U1U5 


U 


19 


1 


CI-27 @ 10 


HY-Temp 
@ 1.2 


0.0072 


0 


20 


2 


CI-27 @ 8 


NONE 


0.0053 


0 


O 1 




Li-Z / (flJ, lU 


JNUNJ::, 


A AA^C 


A 

u 


zz 


z 


/^l C 

Cl-z / (gj J 


LJ\/ T"^**^** 1 

HY-lemp 1 
@ 1.2 


A AA^ ^1 


U 


23 


2 


CI-27 @ 10 


HY-Temp I 
@1.2 


0.0037 


0 


24 


3 


CI-27 @ 8 


NONE 


0.0183 


0 




J 


L-i-z/ (a} lU 


JNUNJl 


A AA/^O 

U.UUoz 


A 

u 


26 


3 


CI-27 @ 5 


HY-Temp I 

@ 1.2 


0.0034 


0 


27 


3 


CI-27 @ 10 


HY-Temp I 
@1.2 


0.0036 


0 



Test results at 170 °C with Super Chrome 13 



Test 


Acid 


Inhibitor at 
LPCM 


Intensifier at 
KPCM 


Weight loss 
(Ib/ft^) 


Pitting 


28 




CI-27 @ 8 


NONE 


0.0299 


0 


29 




CI-27 @ 10 


NONE 


0.0219 


0 


30 




CI-27 @ 15 


NONE 


0.0193 


0 






ci 07 on 




n mi 7 

U.UZJ / 


A 

u 


'2'? 




A' 1 Ofl 

Cl-Z / (gj /u 


ri Y - 1 emp 1 

@2.4 


U.Ul 14 


U 


33 


1 


CI-27 @ 10 


HY-Temp I 
@1.2 


0.0190 


0 


34 


2 


CI-27 @ 8 


NONE 


0.0085 


0 


35 


2 


CI-27 @ 10 


NONE 


0.0096 


0 


36 


2 


CI-27 @ 15 


NONE 


0.0086 


0 


37 


2 


CI-27 @ 10 


HY-Temp I 

@1.2 


0.0062 


0 


38 


3 


CI-27 @ 8 


NONE 


0.0119 


0 


39 


3 


CI-27 @ 10 


NONE 


0.0129 


0 






PT 77 1 




0 0171 
U.Ul / I 


A 

u 


41 


3 


CI-27 @ 10 


HY-Temp I 
@ 1.2 


0.0052 


0 


42 


3 


CI-27 @ 15 


HY-Temp I 
@1.2 


0.0062 


0 



[0048] The results show that corrosion of Chrome 13 and Super 
Chrome 13 tubing with mild pH (buffered) peroxyacetic 
acid systems were within acceptable limits in each case 
and at high temperatures. Acetic acid alone is not strongly 
corrosive, but in certain cases, corrosion levels were 

2 2 

above 0.02 lb/ft (0.1 kg/m ), the maximum acceptable 
weight loss limit for high alloy tubing. 
[0049] Example 8: Calcium carbonate solubility tests 

[0050] Weighted portions of calcium carbonate chips 



[0051] 



[0052] 



[0053] 



[0054] 



[0055] 



(approximately 20/40 mesh size) were placed into a 
known volume of each test fluid. After 6 hours at atmo- 
spheric pressure and 180-200 T (82-93 "C), the amount 
of dissolved calcium carbonate was determined. Four test 
acid systems were assayed, where LPCM = liters per cubic 
meter, and KPCM = kilograms per cubic meter. 
System 1: 15 % Acetic acid + 2 LPCM D4GB + 6 KPCM Fer- 
rotrol 300 + 3 KPCM Ferrotrol 210. 
System 2: Peroxyacetic system 1 (3 % H^O^ with 3.9 % 
acetic acid buffered to pH 4) + 6 KPCM of Ferrotrol 300 + 
3 KPCM of Ferrotrol 1000. 

System 3: Peroxyacetic system 2 (1.5 % H^O^ with 10 % 
acetic acid buffered to pH 4) + 6 KPCM of Ferrotrol 300 + 
3 KPCM of Ferrotrol 1000. 

System 4: Peroxyacetic system 3 (1.5 % H^O^ with 15 % 
acetic acid buffered to pH of 4) + 6 KPCM of Ferrotrol 300 
+ KPCM of Ferrotrol 100. 

Calcium carbonate solubility 



Acid 


Solubility (§/l) 


Solubility (lb/gal) 


Solubility (kg/m^) 


1 


80 


0.67 


80.5 


2 


15 


0.13 


15.6 


3 


68 


0.57 


68.5 


4 


107 


0.89 


106.9 



[0056] 



These results show that the peroxyacetic acid system con- 



taining 15% acetic acid and 1.5% liydrogen peroxide 
(buffered to pH 4) (test acid #4) dissolved significantly 
more calcium carbonate than the other systems, including 
15% acid alone (test acid #1). 

[0057] Example 9: Test method to assay ability of mudzyme sys- 
tems to remove drill in fluid 

[0058] jhe following test procedure was used. 

[0059] 1, Mount the berea core or aloxite disk into the bottom of 
the HTHP fluid loss cell and close the bottom of the cell. 
Note an alternative to this is to build a +/- 0.25 inch 
(0.635 cm) silica sand bed as the base to the drilling mud 
cake upon. 

[0060] 2. Pour 100 ml of filtered 2% KCI brine into the cell. Close 
the top of the cell and attach the nitrogen manifold. Set 

2 

the pressure to 20 psi (1.4 kg/cm ). 
[0061] 3, Open the top valve of the cell and apply 20 psi (1.4 kg/ 

cm^) of nitrogen pressure to the cell. 
[0062] 4_ Open the bottom valve and record the time taken to 

collect 100 ml of brine in a graduated beaker (i.e. when 

nitrogen break through occurs) (Ql). 
[0063] 5. Shut off the nitrogen, remove the nitrogen manifold, 

and open the top of cell. 
[0064] 5_ Close the bottom valve and pour 100 ml of the fluid 



containing tlie polymer (drilling mud) into the cell. 
[0065] 7, Close the top of the cell and attach the nitrogen mani- 

2 

fold. Set the nitrogen pressure to 20 psi (1.4 kg/cm ). 
[0066] 8. Open the top valve of the cell and apply 20 psi (1.4 kg/ 

2 

cm ) of nitrogen pressure to the cell. 
[0067] 9, Heat the cell to the required bottom hole temperature. 

[0068] 10. After shut in at bottom hole temperature for 30 min- 
utes open the bottom valve and conduct a fluid loss test 
recording the volume of filtrate collected at 1, 4, 9, 16, 
25, and 36 minutes (Q2). Close the bottom valve of the 
cell. 

[0069] 11, Release the pressure from the top of the cell and re- 
move the nitrogen manifold. Cool the cell to room tem- 
perature and open the top of the cell. 

[0070] 12. Extract any liquid remaining in the cell, leaving the fil- 
ter cake intact. 

[0071] 13. Add 100 ml of 2% KCI fluid to the cell. 

[0072] i4_ Close the top of the cell and attach the nitrogen mani- 

2 

fold. Set nitrogen pressure to 20 psi (1.4 kg/cm ). 
[0073] 15. Open the top valve of the cell and apply 20 psi (1.4 

2 

kg/cm ) of nitrogen pressure to the cell. 
[0074] i5_ Open the bottom valve and record the time taken to 



collect 100 ml of brine in a graduated beaker (Q3). 
[0075] i7_ Shut off the nitrogen, remove the nitrogen manifold, 
and open the top of cell. Extract any liquid remaining in 
the cell. 

[0076] 13, Add 100 ml treating fluid containing the desired en- 
zyme and others additives to the cell. 
[0077] 19, Close the top of the cell and attach the nitrogen mani- 

2 

fold. Set nitrogen pressure to 20 psi (1.4 kg/cm ). 
[0078] 20. Open the top valve of the cell and apply 20 psi (1.4 

2 

kg/cm ) of nitrogen pressure to the cell. 

[0079] 2 1. Heat the cell to 200 T (93 "Q and allow the fluid to 
soak at this temperature for 12 hours. 

[0080] 22. Release the pressure from the top of the cell and re- 
move the nitrogen manifold. Cool the cell to room tem- 
perature and open the top of the cell. Extract the remain- 
ing fluid from the cell. 

[0081] 23. Visually examine the disc for presence of filter cake. 
Where applicable, perform the iodine spot test for pres- 
ence of starch. 

[0082] 24. Add 100 ml of 7.5% hydrochloric acid to the cell. 

Close the top of the cell and attach the nitrogen manifold. 

2 

Set nitrogen pressure to 20 psi (1.4 kg/cm ). 
[0083] 25. Heat the cell to 200 T (93 "C) and allow the fluid to 



soak at this temperature for 30 minutes. 

[0084] 26. Release the pressure from the top of the cell and re- 
move the nitrogen manifold. Cool the cell to room tem- 
perature and open the top of the cell. Extract the remain- 
ing fluid from the cell. 

[0085] 27. Add 100 ml of 2% potassium chloride fluid to the cell. 
Close the top of the cell and attach the nitrogen manifold. 

2 

Set nitrogen pressure to 20 psi (1.4 kg/cm ). Open the 

2 

top valve of the cell and apply 20 psi (1.4 kg/cm ) of ni- 
trogen pressure to the cell. 

[0086] 28. Open the bottom valve and record the time taken to 
collect 100 ml of brine in a graduated beaker (i.e. when 
nitrogen break through occurs) (Q4). 

[0087] 29. Shut off the nitrogen, remove the nitrogen manifold, 
dismantle/clean the cell, and prepared for further testing. 

[0088] Regarding step 23, the presence of starch is indicated by 
the formation of a blue color being produced when one 
drop of dilute iodine solution is placed on the surface of a 
filter cake. The absence of a blue color indicates that all 
starch has been degraded. The iodine spot test can only 
be used to detect the presence of starch. If starch is not 
present in the fluid used to form the filter cake, this test 
will be valid. 



[0089] jhe following mud system was used: 

[0090] 



Component 


Concentration 


2% KCl 


7 ppb 


Caustic potash 


0.25 ppb 


PAC-L/CMC low (Cellulose) 


4-6 ppb 


PAC-R/CMC HV (Cellulose) 


0.5 - 1 ppb 


XCD xanthan biopolymer 


2 - 4 ppb 


CaCOs - fine 


13 ppb 


CaCOs - coarse 


7 ppb 


Dextrid (starch) 


4-6 ppb 



[0091] Example 10: Mudzyme and acid test results #1 

[0092] The following mudzyme formulation was used. Ferrotrol 
chelating/reducing agent, Inflo acid-mutual solvent, GBW 
enzyme breaker, CI acid inhibitor, and NE non-ionic sur- 
factant products are commercially available from BJ Ser- 
vices Company (Houston, TX). Gpt stands for gallons per 
thousand gallons (liters per thousand liters). 

[0093] 



Component 


Concentration 


Filtered water 


758 gpt 


Potassium chloride 


167 ppt 


Fen-otrol-210 


20 ppt 


Inflo-100 


2 gpt 


Inflo-40 


100 gpt 


GBW-16C 


10 gpt 


GBW-26C 


10 gpt 


H2O2 (6%) 


120 gpt 



The following 7.5% hydrochloric acid formulation was used. 



Component 


Concentration 


Fresh water 


722 gpt 


CI-25 


6 gpt 


NE-18 


5 gpt 


Claytrol (Baker Hughes; Houston, TX) 


3 gpt 


Fe-210 


30 ppt 


Inflo-40 


50 gpt 


Inflo-100 


5 gpt 


32% hydrochloric acid 


209 gpt 



The following test results were obtained following the method of Example 9. 



Measurement 


Value 


2% KCl initial flow (Ql) 


5.56 cc/ sec 


Mud flow (Q2) 


0.003 cc/ sec 


2% KCl flow after mud (Q3) 


0 cc/ sec 


2% KCl flow after Mudzyme and acid 
(Q4) 


4.55 cc/ sec 


Return permeability (Q4/ Ql) x 100% 


81.8% 


pH Mudzyme solution before treatment 


4 


pH Mudzyme solution after treatment 


4.5 



[0094] Example 11: Mudzyme and acid test results #2 
[0095] The following mudzyme formulation was used. 



[0096] 



Component 


Concentration 


Filtered water 


858 gpt 


Potassium chloride 


167 ppt 


Ferrotrol-210 


20ppt 


Inflo-100 


2 gpt 


Inflo-40 


100 gpt 


GBW-16C 


10 gpt 


GBW-26C 


10 gpt 


GBW-5 


30 ppt 


GBW-7 


30 ppt 


The following 7.5% hydrochloric acid formulation was used. 


Component 


Concentration 


Fresh water 


722 gpt 


CI-25 


6 gpt 


NE-18 


5 gpt 


Claytrol 


gpt 


Fe-210 


30 ppt 


Inflo-40 


50 gpt 


Tnflo-100 


5 gpt 


32% HCl 


209 gpt 


The following test results were obtained following the method of Example 9. 


Measurement 


Value 


2%KC1 initial flow(Ql) 


6.67 cc/ sec 


Mud flow (Q2) 


0.007 cc/ sec 


2% KCl flow after mud (Q3) 


0 cc/ sec 


2% KCl flow after Mudzyme and acid (Q4) 


1 .06 cc/ sec 


Return permeability (Q4/ Ql) x 100% 


15.9% 


pH Mudzyme solution before treatment 


3.5 


pH Mudz\ nie sokilion al'ler treatment 


3.5 



[0097] Example 12: Wellbore filter cake removal test using HTHP 

cellThe following test procedure was used. 
[0098] 1, The Aloxite or berea disc was loaded into the cell. 



[0099] 2. The cell was filled with filtered brine, 2% KCI. 

[0100] 3. Pressure was applied and the cell allowed to come to 
temperature. 

[0101] 4, The bottom valve was opened and the time taken for 
200 ml to pass through the disc at 100 psi (689 KPa) was 
recorded. 

[0102] 5_ The pressure was bled from the cell slowly excess brine 
removed. 

[0103] 6. The cell was filled with the mud fluid. 

[0104] 7_ The pressure was applied and the cell allowed to come 
to temperature. 

[0^05] 3, After reaching temperature, open the bottom valve and 
record fluid loss at 1", 4", 9", 16", 25" and 30". Close the 
bottom valve of the cell. 

[0106] 9, The cell was shut-in until the desired time. 

[0107] 10. After the required shut-in time, excess mud was from 

the cell leaving the filter-cake intact. 
[0108] 11, The desired breaker fluid was added to the cell. 

[0109] 12. The pressure was applied, the cell allowed to come to 
temperature and the system was shut-in for four hours. 

[0110] 13. After the four hours shut-in period, the pressure was 
bled from the cell, and the treatment fluid extracted. 



[0111] 14. The disc was removed and examined for tlie presence 
of filter-cal<e. Iodine spot test was carried out for tlie 
presence of starcli (presence of starch is indicated by a 
darl< blue discoloration of the iodine). A few drops of HCI 
were placed onto the disc to determine the presence or 
absence of undissolved carbonate. 

[01 12] 15. The disc was flipped and placed in the cell in the op- 
posite orientation. 

[0113] 15, The cell was filled with filtered brine, and the time 
taken to flow 200 ml at 100 psi (689 KPa) was recorded. 

[0114] Example 13: Evaluation of filter cake removal ability 

[0115] Four mud systems were used to evaluated the ability of 
various formulations to remove filter-cakes, as measured 
by the procedure of the previous Example. Two lacked 
drill solids, and two were the corresponding muds con- 
taining drill solids. 



Label 


Contents 


A 


Mud from Rig BN-3 containing drill solids. 


B 


Freshly prepared mud, no drill solids. 2% KCl, 8 ppb dextrid starch, 2.5 ppb 
xanthan gum, 30 ppb ground marble fme, and 0.1 ppb potassium hydroxide. 


C 


Freshly prepared mud containing drill solids. 


D 


Freshly prepared mud, no drill solids. 2% KCl, 8 ppb dextrid starch, 2.5 ppb 
xanthan gum, 10 ppb baracarb 5 (Halilburton; Houston, TX), 20 ppb ground 
marble fme, and 0.3 ppb potassium hydroxide. 



[0117] Example 14: Preparation of breaker fluids 



[01^8] Six different brealcer fluids were prepared or obtained for 
evaluation. They were a) buffered peroxyacetic acid; b) 
buffered mudzyme CS (a mixture of cellulase and amylase 
enzymes buffered with acetic acid and sodium acetate); c) 
Oxiclean (a mixture of oxidizing agents; generally ammo- 
nium persulphate, sodium perborate and fumaric acid); d) 
1.2% sodium hypochlorite; e) 7.5% hydrochloric acid; and 
f) 7.5% hydrochloric acid with added sodium perborate. 

[0119] Example 15: Fluid loss data 

[0120] Muds A-D were assayed for their cumulative fluid loss 
volume over time. 



Test# 


Mud 


Cumulative volume, ml 


r 


4' 


9' 


16' 


25' 


30' 


1 


A 


6 


7 


8 


9 


9.5 


10 


2 


A 


6 


6.5 


7.5 


8.5 


9.5 


10 


3 


A 


5 


6 


7 


8 


9 


9.5 


4 


A 


5 


6.5 


7.5 


8.5 


10 


10.5 


5 


A 


3 


4 


5 


6 


7 


7 


6 


A 


3.5 


4.5 


5.5 


6.5 


7 


7,5 


7 


B 


9.5 


10.5 


12 


13.5 


15 


15.5 


8 


C 


2.5 


3 


3.5 


4.5 


5.5 


6 


9 


D 


8.5 


10 


11.5 


13 


14.5 


15 



[0122] The breaker fluids were assayed for their ability to dis- 
solve filter cakes. First, mud A was tested using all six 
breaker fluids. The results were as follows, showing that 
the buffered peroxyacetic acid was clearly more effective 



than the other compositions at removing the filter calce. 
Note, tests 5 and 6 were performed using berea discs in- 
stead of aloxite. 



( A) MITD FRO\f RTG BN-3 (with drill solids) 


# 


Breaker 


Initial 
flow rate 

ml 

1111/ B 


Final 
Flow rate 

ml /c 

1111/ o 


% 

Efficiency 


Filter 
cake 


Starch 


CaCOs 


1 


Buffered 

peroxyacetic acid 


14 


25 


1 78% 


None 


None 


Traces 


2 


Mudzyme CS 


17 


NA 




Yes 


Yes 


Yes 


J 


Oxiclean 


25 


NA 




Partially 


Yes 


Yes 


4 


1.2%NaOCl 


18 


NA 




Partially 


Yes 


Yes 


5 


7.5% HCl 


5 


NA 




Yes 


Yes 


None 


6 


7.5% HCl + 
sodium perborate 


3 


NA 




Yes 


Yes 


Yes 



[0124] Next, muds B, C, and D were evaluated with the buffered 
peroxyacetic acid. The results were as follows, showing 
favorable results obtained by use of the buffered peroxy- 
acetic acid compositions. Note, test 8 was performed us- 
ing berea discs instead of aloxite. 



[0125] 



(B) Freshly prepared mud, no drill solids 


# 


Breaker 


Initial 
flow rate 
ml/s 


Final 
Flow rate 
ml/s 


% 

Efficiency 


Filter 
cake 


Starch 


CaCOa 


7 


buffered 
peroxy acetic acid 


19 


20 


105% 


None 


None 


Traces 


(C) Freshly prepared mud, with drill solids 




Breaker 


Initial 
flow rate 
ml/s 


Final 
Flow rate 
ml/s 


% 

Efficiency 


Filter 
cake 


Starch 


CaCO, 


8 


buffered 
peroxyacetic acid 


2.7 


Disc 
cracked 




None 


None 


None 






(D) Freshly prepared mud, no drill s 


olids 






# 


Breaker 


Initial 
flow rate 
ml/s 


Final 
Flow rate 
ml/s 


% 

Efficiency 


Filter 
cake 


Starch 


CaC03 


9 


buffered 
peroxyacetic acid 


14.3 


15.4 


108% 


None 


None 


None 



[0126] All of the compositions and/or methods disclosed and 

claimed herein can be made and executed without undue 
experimentation in light of the present disclosure. While 
the compositions and methods of this invention have been 
described in terms of preferred embodiments, it will be 
apparent to those of skill in the art that variations may be 
applied to the compositions and/or methods and/or and 
in the steps or in the sequence of steps of the methods 
described herein without departing from the concept and 
scope of the invention. More specifically, it will be appar- 
ent that certain agents which are chemically related may 
be substituted for the agents described herein while the 



same or similar results would be achieved. All such similar 
substitutes and modifications apparent to those skilled in 
the art are deemed to be within the scope and concept of 
the invention. 



